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Abstract 
CO2 geological storage in the near areas from emission sources is growing up to be of 
importance in sequestration strategy in Japan. Because of geologic constraints that such areas in 
Japan are mostly underlain by young and unformed sedimentary strata, the option of CO2 storage 
in an open aquifer is considered to be vital for successful deployment of CO2 sequestration 
technologies in Japan. After conducting a three-year research project studying behaviour of 
underground CO2, Geological Survey of Japan (GSJ) in AIST has started Phase II research, 
focusing the development of monitoring and modelling tools. The concept of three main subjects 
of our R&D, development of optimal modelling technologies, combined CO2 monitoring method 
and experimental study on the capillary pressure are described. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction  
Carbon Dioxide Capture and Storage (CCS) is expected to be one of the effective technologies in mitigation of 
global warming for Japan as well. CCS is, however, a costly alternative compared with other mitigation measures 
against green house gas emissions. Unlike oil and gas reservoirs, saline aquifers with monocline and anticline 
structures are widely distributed in Japan with significant storage capacity. These aquifers could be vital for 
successful deployment of CO2 geological storage in Japan. Geological Survey of Japan, AIST, conducted a three-
year pilot project studying behavior of underground CO2 from 2005 to 2007, taking the Tokyo Bay area underlain 
by Quaternary Kazusa Group as a model fieldfor our Phase I R&D program. The targets and important findings of 
our pilot project were presented by Tosha et al. (2008) at GHGT-9 [1]. 
Since 2008, Ministry of Economy, Trade and Industry (METI) has been steadily investigating the potential 
locations and technological possibilities for conducting a large-scale demonstration project for practical use of CO2 
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geological storage in Japan. In our Phase II R&D program started from 2009, in order to support the demonstration 
project from the technical perspectives, concrete awareness of the issues we share is: 1) How CO2 is stored in a 
saline aquifer? (Mechanism), 2) How can we detect CO2? (monitoring and modeling), and 3) How to obtain the 
reliability? (evaluation of safety). We selected our main research topics based on these points of view. In this 
presentation, after briefly reviewing the results of our Phase I R&D, we will outline the progress of three main 
research topics from Phase II R&D program. 
2. Results of Phase I research  
To reveal the characteristics of the CO2 behavior in the non-structural aquifer, a three-year research project 
"Research project of the highly accurate technique for the underground behavior of CO2 in the geological storage" 
has been conducted from 2005 fiscal year. The project was divided into the following sub-themes (Figure.1). 
 
 
 
Figure 1 Targets of the technology developments for the CO2 geological storage in AIST/GSJ. 
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The targets and important findings of our pilot project are briefly summarized as follows. In terms of estimation 
of ground water flow, distribution of temperatures, which is effective in evaluation of shallow-level groundwater 
flow, has also found to be effective for estimating movement of deep groundwater. The groundwater at the reservoir 
depth is found to be stagnant and may not affect to CO2 geological storage [2]. From the results of core-scale 
measurements for the analysis of the seismic tomography, difference tomography on elastic wave velocity and 
attenuation is found to be effective in detecting CO2 migration in laboratory CO2 injection [3]. The mathematical 
model of analysis can be extended to seismic monitoring of CO2 reservoir.  
Regarding evaluation of micro faults, permeability of soft mudstone containing artificial small-scale fracture is 
decreased according to the increase of the confining pressure, and it eventually becomes almost similar to that of the 
intact rock at the reservoir depths. The result suggests that micro fractures in soft mudstone seals are not effective as 
pathway of escaping CO2 from the reservoir [4]. In terms of evaluation of trapping mechanism, geochemical 
characteristics of deep groundwater in the model field as well as the other 9 areas in Japan are dilute in composition 
[5]. We have evaluated groundwater to have high potential of solubility trapping of CO2. From the study of 
modeling technique for the saline aquifer, fluid flow simulation with a well-examined hydro-dynamic model has 
shown that injected CO2 of more than 50 Mt can be retained for a long period within geologic formations underlying 
the Tokyo Bay area [6]. 
3.  Phase II research topics 
3.1. Development of optimal modeling technologies (post-processors) 
The objective of this study is to obtain reliable reservoir simulation model to predict long-term CO2 movement 
behavior and to utilize geophysical monitoring data such as seismic, resistivity, self-potential and gravity method for 
history-matching purpose. To this end, AIST has developed ‘geophysical post-processors’ [7] to calculate temporal 
changes in geophysical observables caused by subsurface changes due to CO2 injection from output (CO2 saturation, 
T, P changes and so on) of reservoir simulation. 
Figure 2 shows relationship between CO2 injection simulation and monitoring. In order to improve simulation 
model, we would like to utilize monitoring data as much as possible. In terms of well data, direct history-matching is 
possible. On the other hand, in terms of geophysical monitoring data we need post-processors in order to conduct 
history-matching.  
Numerical simulation of subsurface changes and geophysical observables can be also used to find an appropriate 
combination and layout of geophysical measurements for each CCS project, and to detect discrepancies between 
actual and simulated subsurface changes, which provide a clue to find unexpected CO2 leakage or to improve 
reservoir model. We have developed geophysical post-processors for seismic, self-potential (SP), gravity, geodetic 
and resistivity surveys, and we developed patchy saturation model for the seismic post-processor for better partial 
saturation modeling in FY2009. 
3.2. Development of combined CO2 monitoring method 
The objectives are two fold; one is to detect CO2 movement precisely, such as distribution of CO2 saturation and 
second is to monitor dissolved CO2. Although seismic monitoring is powerful method, it is difficult to detect 
dissolved CO2 and velocity changes are not so sensitive to the CO2 saturation up to 20 % [8]. On the other hand 
resistivity changes are rather sensitive to the CO2 saturation change, so that we think development of combined 
monitoring system both of seismic and resistivity methods are of assistance to monitor CO2 plume behavior 
quantitatively. In FY2009, we have conducted data acquisition of both seismic and resistivity methods during CO2 
injection into shallow well (60-m depth), located in AIST, Tsukuba. Field experiments using deeper well is planned 
and joint analysis techniques of seismic and resistivity methods are also examined in FY 2010. 
3.3. Experimental Study on the Capillary Pressure 
On CO2 geological storage to saline aquifers, it is generally supposed that a cap rock with low-permeability (e.g., 
mudstones and siltstones), prevents an upward-leakage of injected CO2. In this situation, the capillary pressure 
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within a cap rock becomes a key parameter: it determines several important factors, such as the sealing ability of 
each rock type, the maximum allowable pressure during CO2 injection processes, and the magnitude of reservoir 
potential. Therefore, considerations of the capillary pressure are essential for assessments of CO2 geological 
sequestration. The present study measured the capillary pressure of supercritical CO2 under pressure and 
temperature conditions of 1000 m depth (i.e., 10 MPa and 40C). For this purpose, we used sintered compacts 
composed of silica glass beads as the throat-controlling model sample, whose component particle size and packing 
procedure can be controlled arbitrarily. In FY2009,uniform-size artificial specimen will be used [9]. 
 
 
Figure 2 Concept of three research subjects 
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